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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wiring integrated type 
magnetic head suspension capable of preventing the impedance 
mismatching in the connection area between the flexure wiring and the 
FPC(flexible printed circuit) wiring. 

SOLUTION: (1) The characteristic impedances of the flexure wiring 
signal line part 15 and the FPC wiring signal line part 35 and made 
almost the same. (2) As for the flexure wiring connection part 1 7, the 
width is made almost the same as that of the flexure wiring signal line 
part 15 and the length is made equal to the sum of twice the joining 
error between the flexure 10 and a relative FPC 30 and the width of 
the FPC wiring connection part 37. (3) As for the FPC wiring 
connection part 37, the width is made almost the same as that of the 
FPC wiring signal line part 35 and the length is made equal to the sum 
of twice the above-mentioned joining error and the width of the flexure 
wiring connection part 1 7. Further, (4) the flexure wiring connection 
part 17 and the FPC wiring connection part 37 are arranged so as to be 
joined orthogonally to each other. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The terminal PAD for connection with the magnetic-head slider with which it has the following and the 
aforementioned FUREKUSHA wiring is located in a nose-of-cam side It has a connection with the FPC wiring located in 
a end face side, and the FUREKUSHA signal-line section which connects between the aforementioned terminal PAD 
and a connection, the connection of the aforementioned FUREKUSHA wiring It considers as the aforementioned 
FUREKUSHA signal-line section and abbreviation same width of face, the aforementioned FPC wiring The terminal PAD 
for connection of a connection with the FUREKUSHA wiring located in a nose-of-cam side, and the external wiring 
member located in a end face side It has the FPC signal-line section which connects between the aforementioned 
connection and Terminal PAD. this FPC signal-line section A characteristic impedance is adjusted with the 
characteristic impedance of the aforementioned FUREKUSHA signal-line section, the connection of the aforementioned 
FPC wiring It considers as the aforementioned FPC signal-line section and abbreviation same width of face, the 
aforementioned FUREKUSHA wiring connection It considers as the length which applied the width of face of the 
aforementioned FPC wiring connection to the double precision of the junction error of FUREKUSHA and FPC. on the 
other hand, the aforementioned FPC wiring connection It is the magnetic-head suspension characterized by for the 
aforementioned FUREKUSHA wiring connection and the aforementioned FPC wiring connection intersecting 
perpendicularly mutually, and connecting them further by considering as the length which applied the width of face of 
the aforementioned FUREKUSHA wiring connection to the double precision of the aforementioned junction error. 
FUREKUSHA which has the protective layer of wrap insulation for the insulating layer by which the laminating of the 
gimbal section which is the magnetic-head suspension by which a point can be equipped with a magnetic-head slider 
and the end face section is supported by the arm, and contains a magnetic-head slider applied part was carried out on 
th magnetic disk of the substrate of the tabular formed in the point, and this substrate, and the field which counters, 
the conductor layer which constitutes the FUREKUSHA wiring by which the laminating was carried out on this 
insulating layer, and this conductor layer. The load beam from which a end face side constitutes a suspension for the 
plate supported by the aforementioned arm with nothing and aforementioned FUREKUSHA. It is the insulating base 
layer which is equipped with FPC which connects between the aforementioned FUREKUSHA conductor layer and 
external wiring members, and is located in this the side to which FPC faces a magnetic disk. It is the protective layer of 
wrap insulation about the conductor layer which constitutes the FPC wiring by which the laminating was carried out on - 
the rear face of this base layer, and this conductor layer. 

[Claim 2] The substrate and load beam of aforementioned FUREKUSHA are a magnetic-head suspension according to 
claim 1 characterized by being formed in one. 

[Claim 3] The above-mentioned FUREKUSHA wiring connection is a magnetic-head suspension according to claim 1 or 
2 characterized by being located in the proximal region of a load beam. 

[Claim 4] The aforementioned FUREKUSHA wiring connection is a magnetic-head suspension according to claim 1 or 2 
characterized by being located in a load beam end face field. 

[Claim 5] It is the magnetic-head suspension according to claim 1 or 2 characterized by equipping the substrate of 
aforementioned FUREKUSHA with the connection stage further prolonged ahead from the aforementioned gimbal 
section, and making connection between the aforementioned FUREKUSHA wiring connection and the aforementioned 
FPC wiring connection in the aforementioned connection stage. 

[Claim 6] Above FPC is a magnetic-head suspension given in any of the claims 1-5 characterized by having further the 
grounding conductor layer insulated electrically [ a conductor layer ] grounding potential is fixed on the aforementioned 
protective layer, and they are. 

[Claim 7] It is a magnetic-head suspension given in any of the claims 1-6 characterized by forming opening in the 
nose-of-cam side of the aforementioned FPC protective layer, equipping Above FPC with a wrap solder— plating layer 
for the conductor-layer front face exposed through this opening further, and this solder-plating layer constituting the 
aforementioned FPC wiring connection they are. 

[Claim 8] It is the magnetic-head suspension of which publication of the claims 1-7 characterized by forming opening in 
the end face side of the aforementioned FUREKUSHA protective layer, equipping aforementioned FUREKUSHA with a 
wrap solder-plating layer for the conductor-layer front face exposed through this opening further, and this 
solder-plating layer constituting the aforementioned FUREKUSHA wiring connection. 

[Claim 9] It is a magnetic-head suspension given in any of the claims 1-8 to which this dummy PAD is characterized by 
solder connecting in case aforementioned FUREKUSHA and FPC are joined have the dummy PAD insulated electrically 
[ a FUREKUSHA conductor layer and a FPC conductor layer ] in the position where aforementioned FUREKUSHA and 
FPC overlap mutually, and they are. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the suspension for supporting the 

magnetic-head slider used for hard disk equipment (it is written as HDD after Hard Disk Drive:). 

[0002] 

[Description of the Prior Art] In recent years, the wiring one apparatus suspension equipped with a part of wiring 
connected to the magnetic head in one is used increasingly. The aforementioned wiring connects the integrated circuit 
(it is henceforth written as Preamplifier IC) which writes in with the magnetic head and includes the driver circuit for 
signals, and the preamplifier circuit for reading signals. By the way, when the magnetic head is the thing which comes to 
use MR (magnetic reluctance) element, MR element is used for signal reading and an inductive element is used for 
signal writing. Therefore, as for the aforementioned wiring, a total of 4 [ the-two wiring for reading, or signal wiring / 3 
and two signal wiring for writing ] or 5 are needed. 

[0003] The installation state into HDD of a wiring one apparatus suspension is shown in drawing 18 . The wiring one 
apparatus suspension 100 shown in drawing 18 is equipped with the load beam 120 which generates the force which 
supports wiring one apparatus FUREKUSHA 110 which carries the magnetic-head slider 200, and this FUREKUSHA 
110, and forces the aforementioned magnetic-head slider 200 on a magnetic disk 300, and the base plate for fixing this 
load beam 120 to an arm 130 by the caulking. In addition, the aforementioned base plate is hidden by the arm in drawing 
18 . It may have comes to rotate in a field parallel to a magnetic disk 300 by setting the axis of rotation as the pivot 
140, and the magnetic-head slider 200 can move the aforementioned arm 130 to the arbitrary truck positions of a 
magnetic disk 300 by rotation of this arm 1 30. Among drawing, since the aforementioned arm 1 30 is driven, 1 50 are 
VCM (Voice Coil Motor) connected with the end face section of this arm. The end face side edge child (not shown) of 
the wiring with which the aforementioned suspension 110 was equipped in one is connected to the nose-of-cam side of 
FPC160 for relay (Flexible Printed Circuit). And end face side 162 of this relay FPC 160 is connected to the printed 
wired boards 170, such as FPC in which the preamplifier IC 171 was mounted. In addition, in drawing 19 , although the 
wiring one apparatus suspension equipped with FUREKUSHA, the load beam, and the base plate was shown, the wiring 
one apparatus suspension of the type which welds a load beam to a direct arm also exists, without using the 
aforementioned base plate. 

[0004] Such a wiring one apparatus suspension is variously proposed in JP,8-10661 7,A, JP.8-1 1 1015,A (USP5657186), 
JP.9-128728.A, USP5680274, and the USP5717547 grade. 

[0005] The perspective diagram of the conventional wiring one apparatus suspension 1 00 is shown in drawing 19 . 
Moreover, the decomposition perspective diagram of the wiring one apparatus suspension shown in drawing 20 at 
drawing 19 is shown. In addition, in drawing, the bottom is a disk opposite side. As shown in drawing 19 and drawing 20 , 
the wiring one apparatus suspension 100 has wiring one apparatus FUREKUSHA 110, the load beam 120, and a base 
plate 1 80, and welding comes to join these. 99 are a welding point among drawing. 

[0006] The load bending section 121 is formed in the aforementioned load beam 120, and the force which forces a 
slider on a magnetic disk by this can be generated. 

[0007] Aforementioned FUREKUSHA 110 has wiring 111 (henceforth FUREKUSHA wiring) in one. The terminals 111a 
and PAD 111b which consist of a conductor broader than signal-line section 111c between these both ends are formed 
in the both ends of this FUREKUSHA wiring 111. FPC side edge child PAD1 1 lb is used for connection with wiring 
(henceforth FPC wiring) of relay FPC 160, and slider side edge child PAD1 1 1a is used for connection with the terminal 
of the magnetic head. A terminal PAD side becomes the side of an arm 1 30, and parallel through the terminal [ b / FPC 
side edge child PAD111/ aforementioned ] bending section 112 by the side of the end face of FUREKUSHA 110. 
Moreover, among drawing, 113 are the magnetic-head slider loading field formed in the nose-of-cam side of 
FUREKUSHA 110, and a magnetic-head slider is carried in this field. In addition, usually, the FUREKUSHA wiring 1 1 1 
and relay FPC 160 are connected by the solder bump, and the FUREKUSHA wiring 1 1 1 and a magnetic-head terminal 
are connected by Au ball bonding. 

[0008] Drawing of longitudinal section of signal-line section 1 11c of FUREKUSHA wiring and the terminal PAD sections 
111a and 111b is shown in drawing 21 (a) and (b), respectively. The wiring one apparatus suspension 1 10 has the 
polyimide protective layer 1 1 8 surrounding the polyimide insulating layer 1 1 6 by which the laminating was carried out on 
the disk opposite side of the stainless steel substrate 115 and this stainless steel substrate, the conductor layer 117 
by which the laminating was carried out on the disk opposite side of this polyimide insulating layer, and this conductor 
layer so that it may be well expressed to drawing 21 (a) and (b). And in the terminal PAD section, opening 1 18a was 
prepared in the aforementioned polyimide protective layer 118, and the conductor layer 1 17 is exposed to a front face 
through this opening 1 1 8a. 

[0009] As shown in drawing 18 - drawing 21 , in the conventional wiring one apparatus suspension, the FUREKUSHA 
wiring 1 1 1 was connected to this FPC wiring through FPC side edge child PAD1 11b and terminal PAD1 1 1b of Relay 
FPC. Usually let the aforementioned FPC side edge child PAD1 1 1b be the rectangle whose one side is 0.4mm - about 
0.5mm in consideration of the assembly error etc. 
[0010] 

[Problem(s) to be Solved by the Invention] Here, the capacity of the aforementioned terminal PAD is considered. As for 
the wiring in a wiring one apparatus suspension, two are a pair at a time. Therefore, the aforementioned terminal PAD 
capacity is not the capacity Cps between one terminal PAD and stainless steel substrate but the capacity Cpad 
between two terminals PAD corresponding to wiring of a pair. Furthermore, as compared with the capacity to which the 
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capacity which exists directly between two PAD exists between two PAD through a stainless steel substrate, since it is 
very small. Above Cpad can be considered to be Cpad**Cps/2. Though Terminal PAD prepares about 10 micrometers 
of thickness of the aforementioned polyimide insulating layer 116 on a stainless steel substrate when it is one-side the 
rectangle of 0.4mm - about 0.5mm as mentioned above, the aforementioned PAD capacity is set to 0 4pF - about 
0.6pF. 

[001 1] The capacity in the junction field of this FUREKUSHA wiring and FPC wiring causes following un-arranging. That 
is, though the characteristic impedance of FUREKUSHA wiring and FPC wiring is adjusted, in a terminal PAD portion, 
the mismatching of an impedance arises for the aforementioned terminal PAD capacity. In the middle of the wiring 
which connects Preamplifier IC with the magnetic head, if the mismatching portion of such an impedance exists, 
reflection of a signal will arise in this portion and the incidence rate of the error in the writing of data to the magnetic 
disk by the head and reading will increase. Recently, data transfer speed has accelerated and reflection of the signal 
within wiring poses a big problem especially on the occasion of transfer of such high-speed data. (KB.KIaassen et 
al."High Speed Magnetic Recording", IEEE TRANSACTIONS ON MAGNETICS Vol.34, No.4, pp 1822-1827, 1998 
references) That is, improvement in the speed of data transfer speed comes to contain many high frequency 
components in a signal. As mentioned above, the mismatching of the impedance in Terminal PAD originates in the 
terminal PAD capacity Cpad. The impedance 1/omegaCpad produced with this terminal PAD capacity It decreases with 
increase of frequency. Here, omega is angular-frequency 2pif. 

[0012] if the characteristic impedance of wiring is set to Zc — Zc«1-/omegaCpad it is — although a case can 
disregard the mismatching of the impedance in the terminal PAD section, when 1-/omegaCpad is close to Zc, or when 
smaller than Zc, the mismatching of the impedance in the terminal PAD section poses a problem 
[0013] Although it is about 200 Mbpses which have the highest in-house-data transfer rate in HDD produced 
commercially now, improvement in the track recording density of data and improvement in a disk rotational frequency 
are achieved, and the near interior transfer rate of the future becomes more than 300Mbps-400Mbps, and is 
considered. Since a write-in signal is especially required to shorten the standup and falling time of a pulse, it is 
contained in this write-in signal to a several times as many frequency component as a fundamental-frequency 
component. Therefore, when an internal transfer rate is about 300Mbps-400Mbps, it is necessary to take into 
consideration to the frequency component which is about 1.0GHz. If signal frequency sets to 1.0GHz, the impedance 
1/omegaCpad produced with terminal PAD capacity will be set to 265ohm-400ohm. Usually, since it is 50ohm-150ohm, 
the characteristic impedance Zc of suspension wiring is WomegaCpad. It becomes the size which cannot be 
disregarded to Zc. 

[0014] This invention is made in view of the above-mentioned problem, and aims at offering the wiring one apparatus 
magnetic-head suspension which can prevent the mismatching of the impedance in the junction field of FUREKUSHA 
wiring and FPC wiring. 
[0015] 

[Means for Solving the Problem] this invention can equip a point with a magnetic-head slider, in order to attain the 
abov -mentioned purpose. The end face section is the magnetic-head suspension supported by the arm. to a point The 
substrate of the tabular in which the gimbal section containing a magnetic-head slider applied part was formed, 
FUREKUSHA which has the protective layer of wrap insulation for the insulating layer by which the laminating was 
carried out on the magnetic disk of this substrate, and the field which counters, the conductor layer which constitutes 
the FUREKUSHA wiring by which the laminating was carried out on this insulating layer, and this conductor layer, Th 
load beam from which a end face side constitutes a suspension for the plate supported by the aforementioned arm with 
nothing and aforementioned FUREKUSHA, It has FPC which connects between the aforementioned FUREKUSHA 
conductor layer and external wiring members, this FPC The insulating base layer located in the side which faces a 
magnetic disk, and the conductor layer which constitutes the FPC wiring by which the laminating was carried out on 
the rear face of this base layer. It has the protective layer of wrap insulation for this conductor layer, the 
aforementioned FUREKUSHA wiring The connection of the terminal PAD for connection with the magnetic-head slider 
located in a nose-of^cam side, and the FPC wiring located in a end face side. It has the FUREKUSHA signal-line 
section which connects between the aforementioned terminal PAD and a connection, the connection of the 
aforementioned FUREKUSHA wiring It considers as the aforementioned FUREKUSHA signal-line section and 
abbreviation same width of face, the aforementioned FPC wiring The terminal PAD for connection of a connection with 
the FUREKUSHA wiring located in a nose-of^cam side, and the external wiring member located in a end face side It has 
the FPC signal-line section which connects between the aforementioned connection and Terminal PAD. this FPC 
signal-line section A characteristic impedance is adjusted with the characteristic impedance of the aforementioned 
FUREKUSHA signal-line section, the connection of the aforementioned FPC wiring It considers as the aforementioned 
FPC signal-line section and abbreviation same width of face, the aforementioned FUREKUSHA wiring connection It 
considers as the length which applied the width of face of the aforementioned FPC wiring connection to the double 
precision of the junction error of FUREKUSHA and FPC. on the other hand, the aforementioned FPC wiring connection 
Considering as the length which applied the width of face of the aforementioned FUREKUSHA wiring connection to the 
double precision of the aforementioned junction error, the aforementioned FUREKUSHA wiring connection and the 
aforementioned FPC wiring connection offer further the magnetic-head suspension connected by intersecting 
perpendicularly mutually. 

[0016] It should be formed in [ the substrate and load beam of aforementioned FUREKUSHA ] one. 

[0017] The above-mentioned FUREKUSHA wiring connection shall be located in the proximal region of a load beam. 

[0018] The aforementioned FUREKUSHA wiring connection shall be located in a load beam end face field. 

[0019] Preferably, the substrate of aforementioned FUREKUSHA shall be equipped with the connection stage further 

prolonged ahead from the aforementioned gimbal section, and connection between the aforementioned FUREKUSHA 

wiring connection and the aforementioned FPC wiring connection shall be made in the aforementioned connection 

stage. 

[0020] Preferably, Above FPC can be further equipped with the grounding conductor layer which was fixed to grounding 
potential and insulated with the conductor layer on the aforementioned protective layer. 

[0021] Preferably, opening is formed in the nose-of^cam side of the aforementioned FPC protective layer, Above FPC 
shall be further equipped with a wrap solder-plating layer for the conductor-layer front face exposed through this 
opening, and this solder-plating layer shall constitute the aforementioned FPC wiring connection. 
[0022] Preferably, opening is formed in the end face side of the aforementioned FUREKUSHA protective layer, 
aforementioned FUREKUSHA shall be further equipped with a wrap solder-plating layer for the conductor-layer front 
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face exposed through this opening, and this solder-plating layer shall constitute the aforementioned FUREKUSHA 
wiring connection. 

[0023] Preferably, aforementioned FUREKUSHA and FPC have the dummy PAD electrically insulated with the 
FUREKUSHA conductor layer and the FPC conductor layer in the position which overlap mutually, and this dummy PAD 
shall be connected by solder in case aforementioned FUREKUSHA and FPC are joined 
[0024] 

[Embodiments of the Invention] It explains below to gestalt 1. of operation about the gestalt of desirable operation of 
the wiring one apparatus suspension 1 concerning this invention of 1 , referring to an accompanying drawing. Drawing 1 
is a **** perspective diagram from a disk opposite side side about the aforementioned wiring one apparatus suspension 
1. In addition, in the following drawings, especially when refuse and there is nothing, the bottom is a side (henceforth a 
front-face side) which faces a magnetic-disk side, and it is the side (henceforth a rear-face side) the bottom turns 
side ] to a magnetic-disk side and the contrary. 

[0025] As shown in drawing 1 , the aforementioned wiring one apparatus suspension 1 Wiring one apparatus 
FUREKUSHA 10 equipped with the FUREKUSHA wiring 15 to which a point is connected to this magnetic-head slider in 
one while supporting a magnetic-head slider in gimbal section 11a, The point was connected with the load beam 20 
which supports this FUREKUSHA 10 at the end face section of the aforementioned wiring 13, and it has the relay FPC 
30 in which the end face section has the FPC wiring connected to the printed circuit board in which Preamplifier IC 
was mounted. In addition, among drawing, 180 are a base plate for fixing the aforementioned load beam 20 to an arm by 
the caulking, and when joining the load beam 20 to an arm directly by welding etc., they can be omitted. This base plate 
180 can be preferably fabricated by carrying out press working of sheet metal of the stainless steel board of SUS305 
grade with a thickness of 0.2mm - about 0.3mm. 

[0026] The perspective diagram in the state where the aforementioned relay FPC 30 of the aforementioned wiring one 
apparatus suspension 1 was removed to drawing 2 is shown. FUREKUSHA 10, the load beam 20, and the decomposition 
perspective diagram of a base plate 30 are shown in drawing 3 . FUREKUSHA 10 is attached only in the proximal region 
of the load beam 20 as shown in drawing 2 and drawing 3 . 

[0027] The aforementioned load beam 20 is joined to the arm which the tabular is made, it is joined so that 
aforementioned FUREKUSHA 10 and a longitudinal direction may be met in a proximal region, and is not illustrated to a 
end face side, as shown in drawing 1 - drawing 3 . This load beam 20 has the load bending section 21 for generating the 
energization force which presses a point toward a magnetic disk between the longitudinal directions by the side of a 
nose of cam and a end face. The magnetic-head slider carried in aforementioned FUREKUSHA 10 is forced toward a 
magnetic disk by this load bending section 21. Moreover, a dimple 22 is formed in a point at this load beam 20, and the 
rail bending section 23 is formed between a point and the load bending section. The aforementioned dimple 22 contacts 
the rear face of gimbal section 10a of FUREKUSHA which carries a magnetic-head slider, and is located at the center 
of a magnetic-head slider. That is, a magnetic-head slider can be followed and moved to the wave on the front face of 
a magnetic disk by making a dimple 22 into the central point. 

[0028] This load beam 20 can be formed by fabricating an appearance for the stainless steel board of SUS304 grade 
with a thickness of 50 micrometers - 100 micrometers by etching, and fabricating a dimple 22 and the rail bending 
section 23 by press working of sheet metal further preferably. Moreover, the load bending section 21 of this load beam 
can use for and form a roll, after junction to FUREKUSHA 10 and a base plate 180 is completed. 

[0029] Junction with FUREKUSHA 10 and the load beam 20 and the junction to the load beam 20 and a base plate 180 
can use proper junction meanses, such as welding. In the gestalt of this operation, it has joined by spot welding. 99 are 
a welding point among drawing, in addition, the object for positioning formed in both, respectively so that positioning 
with FUREKUSHA 10 and the load beam 20 might be well shown in drawing 3 — it is carried out using holes 10b and 24 
That is, positioning is performed by letting a pin pass to these tooling holes. 

[0030] A **** view is shown for aforementioned FUREKUSHA 10 in drawing 4 from a front-face side. Moreover, the 
A-A line and B-B line cross section in drawing 4 are shown in drawing 5 (a) and drawing 5 (b), respectively. This 
FUREKUSHA is equipped with the insulating layer 1 2 by which the laminating was carried out on the substrate 1 1 of a 
tabular, and the front face of this substrate, the conductor layer 1 3 by which the laminating was carried out on the 
front face of this insulating layer, and the protective layer 14 surrounding this conductor layer as shown in drawing 4 
and drawing 5 . Let this substrate 1 1, an insulating layer 12, a conductor layer 13, and a protective layer 14 be a 
conductor layer containing the stainless steel board of SUS304 grade with a thickness of 15 micrometers - 30 
micrometers, a polyimide insulating layer with a thickness of 5 micrometers - about 10 micrometers, and Cu layer with 
a thickness of 5 micrometers - 10 micrometers, and a polyimide protective layer with a thickness of 2 micrometers - 
about 5 micrometers, respectively. 

[0031] The aforementioned substrate 11 has gimbal section 11a which contains magnetic-head slider loading field 11b 
in a nose-of^cam side. This gimbal section 11a enables it for the magnetic-head slider which surfaces by rotation of a 
magnetic disk to follow the wave on the front face of a disk, and to move in the direction of a pitch, and the roll 
direction. 

[0032] The FUREKUSHA wiring 15 formed of the aforementioned conductor layer 13 has proximal-region 15a 
connected with a magnetic-head slider, end face field 1 5b which forms a connection with Relay FPC, and signal-line 
section 15c between the aforementioned proximal region and a end face field. 

[0033] The aforementioned proximal-region 15a has the terminal PAD 16 for connection with a slider, and this terminal 

PAD 16 is connected to the terminal of the aforementioned magnetic-head slider by Au ball bonding etc. 

[0034] The conductor width in aforementioned signal-line section 15c and end face field 15b is mutually made the 

same, and it sets it constant in the arbitrary places of a longitudinal direction. The conductor width of aforementioned 

signal-line section 15c and end face field 15b is 30 micrometers - about 60 micrometers. 

[0035] In the aforementioned end face field 15b, as well shown in drawing 5 (b), opening 14a is formed in the 

aforementioned protective layer 14, and the conductor layer 13 is exposed through this opening 14a. This opening 14a 

is made broader than the width of face of the conductor 13 in end face field 15b. Preferably, the interval of 10 

micrometers - 20 micrometers can open between the side of the aforementioned opening 14a formed in the protective 

layer 14, and the side of the conductor layer 13 to expose. 

[0036] The aforementioned FUREKUSHA wiring, 15 is constituted by only the Cu layer 13 in signal-line section 15c, as 
shown in drawing 5 . On the other hand, in end face field 15b, it has the Cu layer 13 and nickel/Au plating layer 13* 
surrounding this Cu layer, namely, the Cu layer 13 and nickel/Au plating layer 13' — the connection 17 with Relay FPC 
- forming — **** — the width of face of this connection 1 7 — the width of face of the aforementioned signal-line 
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section 15c, and abbreviation — it is the same [ in / end face field 15b / on the gestalt of this operation, and ] thus, 
the width of face of a connection 17 — the width of face of signal-line section 15c, and abbreviation — by supposing 
that it is the same, it becomes possible to reduce the capacity in the junction field of the FUREKUSHA wiring 15 and 
FPC wiring In addition, aforementioned nickel/Au plating layer 13' is a thing for preventing the corrosion of the Cu layer 
13. The aforementioned nickel layer and Au layer can be made into about 1 micrometer in thickness, respectively. 
Moreover, it is made, as for the aforementioned connection 1 7, for a surface position to project more nearly up than 
the front face of a protective layer 14. This is for connection with the FPC wiring mentioned later. 
[0037] The aforementioned slider side edge child PAD 16 is made into the rectangle configuration whose one side is 
100 micrometers - about 250 micrometers. In addition, although not illustrated, also in the slider side edge child PAD 
16, the conductor layer 13 is exposed with opening formed in the protective layer 14. However, protective-layer 
opening of this portion is made narrower than the width of face of the conductor layer which constitutes the slider side 
edge child PAD. nickel/Au (1 micrometer in thickness, 1 micrometer) is galvanized on the conductor layer exposed by 
this opening. 

[0038] The rear-face view of the aforementioned relay FPC 30 is shown in drawing 6 . Moreover, the C~C line and D-D 
line cross section in drawing 6 are shown in drawing 7 (a) and drawing 7 (b), respectively. 

[0039] The aforementioned relay FPC 30 is a long tabular which comes to have the base layer 31, the conductor layer 
32 by which the laminating was carried out on the rear face of this base layer, and the cover layer 33 surrounding this 
conductor layer, as well shown in drawing 7 . Let the aforementioned base layer 31, a conductor layer 32, and a cover 
layer 33 be a conductor layer containing a polyimide base layer with a thickness of 10 micrometers - 20 micrometers 
and Cu layer with a thickness of 12 micrometers - 18 micrometers, and a polyimide cover layer with a thickness of 15 
micrometers - 25 micrometers, respectively. 

[0040] As this relay FPC 30 is shown in drawing 1 , the point 30a rear face is joined to the front face of aforementioned 
FUREKUSHA 10 at the proximal-region front-face side of the aforementioned load beam 20. Moreover, end face 
section 30b of relay FPC 30 is joined by the side of the arm which is not illustrated. Furthermore, pars intermedia 30c 
between the aforementioned point 30a and end face section 30b is joined by the front face of the load beam 20, and 
th side of an arm. 

[0041] The FPC wiring 35 formed of the aforementioned conductor layer 32 has proximal-region 35a connected with 
the aforementioned FUREKUSHA wiring 15, end face field 35b connected with the aforementioned preamplifier IC, and 
signal-line section 35c between the aforementioned proximal region and a end face field. (Refer to drawing 6 ) The 
aforementioned end face field 35b has the terminal PAD 36 for connection with Preamplifier IC. This terminal PAD 36 is 
made into the rectangle configuration whose one side is 250 micrometers - about 500 micrometers. 
[0042] In the aforementioned signal-line section 35c, as shown in drawing 7 (a), the aforementioned conductor layer 32 
is covered by the aforementioned cover layer 33. On the other hand, as proximal-region 35a is shown in drawing 7 (b), 
op ning 33a is formed in the aforementioned cover layer 33, and Cu bump 34a is formed on the conductor layer 32 
exposed through this opening 33a. And solder layer 34b is formed on this Cu bump 34a. That is, in the gestalt of this 
op ration, the aforementioned solder layer 34b electrically connected with the conductor layer 32 forms the connection 
37 with the FUREKUSHA wiring 15. Let the aforementioned Cu bump 34a be the thickness to which a surface position 
becomes higher than a cover layer front face. Thickness of this Cu bump 34a can be preferably set to 20 micrometers 

- 80 micrometers. Moreover, thickness of the aforementioned solder layer 34b can be preferably set to 1 0 micrometers 

- 20 micrometers. 

[0043] Width of face of the conductor layer [ in / aforementioned signal-line section 35c and proximal-region 35a / in 
the aforementioned FPC wiring 35 ] 32 is mutually made the same, and it sets constant the conductor-layer width of 
face of signal-line section 35c in the arbitrary places of a longitudinal direction. The width of face of this conductor 
layer is 60 micrometers - about 100 micrometers. Moreover, it is made for about 20 micrometers of opening edges of 
opening 33a formed in the aforementioned cover layer 33 to be located inside from the edge of a conductor layer 32. 
That is, as compared with the width of face of a conductor layer 32, about 40 micrometers of width of face of opening 
33a are narrowed. This is for making easy thickness control of the aforementioned Cu bump 34a. 

[0044] In addition, point 30a of the aforementioned relay FPC 30 is joined to FUREKUSHA 10 using adhesives, such as 
an epoxy system, in fields other than the junction field of the FPC wiring 35 and the FUREKUSHA wiring 15 (refer to 
drawing 1 ). moreover, the object for positioning by which positioning with the relay FPC 30 and FUREKUSHA 10 in that 
case was formed in both, respectively — it is carried out by letting a pin pass to holes 10b and 38 Furthermore, 
junction is also performed to load beam 20 front face and the arm side of relay FPC 30 using adhesives, such as an 
epoxy system. 

[0045] Each conductor width, conductor spacing, insulating-layer thickness, and base thickness are controlled so that 
aforementioned FUREKUSHA wiring signal-line section 1 5c and FPC wiring signal-line section 35c become the same 
a characteristic impedance ] mutually. 

[0046] Here, how to adjust the characteristic impedance of FUREKUSHA wiring signal-line section 15c and FPC wiring 
signal-line section 35c is explained. For example, the characteristic impedance of FUREKUSHA wiring signal-line 
section 15c is known, and it carries out to making the characteristic impedance of FPC wiring signal-line section 35c 
agree in this characteristic impedance. Generally, it depends for the characteristic impedance of wiring on the capacity 
of this wiring, an inductance, and resistance. In the aforementioned FPC wiring signal-line section 35c, the capacity is 
decided by the dielectric constant of the matter which mainly exists in an interval with metal plates, such as a load 
beam located under conductor-layer width of face, a conductor layer, and this conductor layer, and during this period. 
Moreover, the inductance of FPC wiring signal-line section 35c and resistance are decided by the eddy current which 
flows to the interval and the aforementioned metal plate of conductor-layer width of face and an adjoining conductor 
layer. When this eddy current has conductor-layer width of face and a fixed conductor-layer interval, it is dependent on 
an interval with the metal plate which exists under a conductor layer and this conductor layer. The interval of FPC 
wiring signal-line section 35c and metal plates, such as a load beam, is decided by thickness of the polyimide cover 
layer 33. Therefore, the characteristic impedance of FPC wiring signal-line section 35c is controllable by the width of 
face of a conductor layer 32, the interval of a conductor layer 32, and the thickness of the polyimide cover layer 33. 
[0047] When thickness of the insulating layer 12 of FUREKUSHA 10 was set to 10 micrometers according to the 
experimental result which the artificer obtained and the width of face/interval of a conductor layer 13 were set to 40 
micrometers / 40 micrometers, the characteristic impedance of FUREKUSHA wiring signal-line section 15c was set to 
about 100ohms by 200MHz of signal frequency. On the other hand, the width of face/interval of the conductor layer 32 
of FPC wiring signal-line section 35c were set to 80 micrometers / 80 micrometers, and about 100ohms and the bird 
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clapper made [ the characteristic impedance of about 25 micrometers, then FPC wiring signal-line section 35c in 
200MHz of signal frequency ] clear the thickness of the polyimide cover layer 33 of Relay FPC. 

[0048] Drawing 8 is a **** enlarged view from a disk opposite side side about the junction field of the FUREKUSHA 
wiring 15 and the FPC wiring 35. Moreover, drawing 9 is an E-E line cross section in drawing 8 . 

[0049] As shown in drawing 8 and drawing 9 , the FUREKUSHA wiring 15 and the FPC wiring 35 are joined through the 
connection 17 of FUREKUSHA wiring, and the connection 37 of FPC wiring. This junction is made by the following 
methods. That is, using the aforementioned tooling holes 10b and 38, relay FPC 30 is repeated to FUREKUSHA 10 by 
the position, and it pushes against FUREKUSHA 10, heating at 250 degrees C - 300 degrees C. By this, the 
aforementioned solder layer 34b fuses and the front face of the connection 17 of FUREKUSHA wiring is wet. Then, by 
cooling, as shown in drawing 9 .junction to the FUREKUSHA wiring 15 and the FPC wiring 35 is made. 
[0050] the width of face of the connection 37 of the aforementioned FPC wiring 35, i.e., the width of face of solder 
layer 34b, — the width of face of the conductor layer 32 of FPC wiring signal-line section 35c, and abbreviation — it is 
supposed that it is the same This is for reducing the capacity in the junction field of the FUREKUSHA wiring 15 and the 
FPC wiring 35. this — solder layer 34b piece can be controlled by the following method That is, since Cu bump 34a and 
solder layer 34b are usually formed by electrolysis plating, the portion exceeding the thickness of the polyimide cover 
layer 33 grows up to be not only the height direction but a longitudinal direction. It follows, for example, thickness of the 
polyimide cover layer 33 on 80 micrometers and this conductor layer is set to 20 micrometers for the width of face of 
the conductor layer 32 in proximal-region 30a of relay FPC 30, and suppose that with a width of face of 40 
micrometers opening 33a was formed in this cover layer 33 (refer to drawing 7 (b)). And if thickness of 30 micrometers 
and solder layer 34b is set to 10 micrometers for the thickness of Cu bump 34a, since this solder layer 34b grows up to 
be not only the height direction but a longitudinal direction, it can set width of face of this solder layer 34b to the same 
about 80 micrometers as the width of face of a conductor layer. In addition, the conductor-layer width of face of 
proximal-region 30a of Relay FPC is the same as the conductor-layer width of face in signal-line section 30c as 
mentioned above. 

[0051] Next, the length La of the connection 17 of the FUREKUSHA wiring 15 is explained. Let the length La of this 
connection 1 7 be the length which applied the width of face of the connection 37 of the FPC wiring 35, i.e., the width of 
face of solder layer 34b, to the double precision of junction error **L of FUREKUSHA 10 and relay FPC 30 produced in 
the case of junction. 

[0052] The aforementioned junction error **L is dependent on the size error of the tooling holes 10b and 38 used on 
the occasion of positioning with FUREKUSHA 10 and relay FPC 30. And since tooling holes are usually formed of 
etching, the size error of these tooling holes becomes of the same grade as the layer thickness in which a hole is 
formed. Specifically, following the (1) formula can express **L 
[0053] 

**L=(ts+tf) xA ... the inside of (1), however each class from which ts constitutes FUREKUSHA 10 — the object for 
positioning — the inside of the thickness of the layer in which a hole is formed, and each class from which tf 
constitutes relay FPC 30 — the object for positioning — it is the thickness of the layer in which a hole is formed 
Moreover, A is the safety factor changed according to conditions, such as a manufacturing installation, and it has 
become clear to take the range of A=2-4 experientially as a result of research by the artificer. 
[0054] For example, suppose that tooling-holes 10b by the side of FUREKUSHA was formed in the stainless steel 
substrate 11, and the tooling holes 38 by the side of Relay FPC were formed in the base layer 31. In addition, the hoi 
of a major diameter is opened in the insulating layer 12 of FUREKUSHA, the protective layer 14, and the cover layer 33 
of Relay FPC in [ tooling holes / aforementioned ] this case. Therefore, these layers do not participate in FUREKUSHA 
10 and the junction error of relay FPC 30. As mentioned above, since 15 micrometers - 30 micrometers in thickness 
and the base layer 31 of relay FPC 30 are made into 10 micrometers - 20 micrometers in thickness, junction error **L 
in the gestalt of this operation is set to **L=(25 micrometers - 50 micrometers) x(2~4) =0.1mm-0.2mm from (1) formula 
by the substrate 1 1 of FUREKUSHA 10. 

[0055] For the facilities of explanation, if the thickness of 25 micrometers and the relay FPC base layer 31 explains to 
an example the case where the thickness of the FUREKUSHA substrate 11 is 15 micrometers, and sets the 
aforementioned safety factor A to 3, the aforementioned junction error **L will be set to 

**L=(25micrometer+15micrometer) x3=0.12mm (=120micrometer). Therefore, in setting width of face of the connection 
37 of the FPC wiring 35 to 80 micrometers as mentioned above, the length La of the connection 17 of the FUREKUSHA 
wiring 15 is set to La=0.12mmx2+80microrneter=0.32mm. 

[0056] On the other hand, let the length Lb of the connection 37 (it sets in the gestalt of this operation and is solder 
layer 34b) of the FPC wiring 35 be the length which applied the width of face of the connection 17 of the FUREKUSHA 
wiring 15 to the double precision of the aforementioned junction error **L Therefore, if junction error **L sets width of 
face of the connection 17 of the FUREKUSHA wiring 15 to 40 micrometers when it is **L=0.12mm, the length Lb of the 
connection 37 of the FPC wiring 35 will be set to 0.28mm. 

[0057] Below, the reason of controlling the length of the connection 17 of the FUREKUSHA wiring 15 and the length of 
the connection 37 of the FPC wiring 35 as mentioned above is explained in detail. 

[0058] The junction state of the FUREKUSHA wiring connection 17 and the FPC wiring connection 37 is shown in 
drawing 10 . Drawing 10 (a) shows the case where a junction error is 0, when FUREKUSHA 10 and relay FPC 30 are 
adjusted in the position as a design. Moreover, drawing 10 (b) and (c) show the case where it is joined after relay FPC 
30 had shifted in the x-axis negative direction 0.12mm in 0.12mm and the y-axis negative direction to FUREKUSHA 10, 
when it is joined, respectively, after relay FPC 30 had shifted in the x-axis positive direction 0.12mm in 0.12mm and the 
y-axis positive direction to FUREKUSHA 10. 

[0059] As shown in drawing 10 (b) and (c), the length of the connection 17 of FUREKUSHA wiring By considering as the 
size which considered as the size which applied the width of face of the connection 37 of Relay FPC, and applied the 
width of face of the connection 17 of the FUREKUSHA wiring to the double precision of the aforementioned junction 
error **L by the length of the connection 37 of FPC wiring to the double precision of the aforementioned junction error 
**L Even if it is the case where a junction error arises in which direction of a x axis and the y-axis on the occasion of 
junction in FUREKUSHA 10 and relay FPC 30, connection between the FUREKUSHA wiring 15 and the FPC wiring 35 is 
possible. 

[0060] Next, the capacity in the junction field by the connection 17 of FUREKUSHA wiring and the connection 37 of 
FPC wiring is examined. It depends for the capacity of this junction field on the size of the portion which does not 
contribute to a signal transmission among the FUREKUSHA wiring connection 1 7 and the FPC wiring connection 37. 
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That is, in drawing 10 (a), the capacity of the aforementioned junction field is decided by the size of field 17a which 
exceeds the FPC wiring connection 37 among the FUREKUSHA wiring connections 17, and field 37a which exceeds the 
FUREKUSHA wiring connection 17 among the FPC wiring connections 37. Therefore, this junction field capacity serves 
as zero, when shown in drawing 10 (b), and when shown in drawing 10 (c), it serves as the maximum. 
[0061] When according to an artificer's experimental result thickness of the polyimide insulating layer 12 of 
FUREKUSHA 10 is set to 10 micrometers and thickness of the polyimide protective layer 14 is set to 3 micrometers, 
even if it is the case where it is shown in drawing 10 (c) from which junction field capacity serves as the maximum, this 
junction field capacity is about 0.04pF. The capacity of the conventional terminal PAD with which the FUREKUSHA 
wiring connection and the FPC wiring connection were made into the one-side rectangle it is [ rectangle ] 0.4mm - 
about 0.5mm is 0.4pF - 0.6pF as mentioned above, and the capacity of the aforementioned junction field in the gestalt 
of this operation is 1/10 or less [ of the capacity in this conventional example ]. 

[0062] Furthermore, the FUREKUSHA wiring connection and the FPC wiring connection are used as Terminal PAD, and 
the junction field area of these terminal PAD performs comparison with the case of being the same, also in the gestalt 
of this operation, the area of the aforementioned junction field in the gestalt of this operation — width-of-face 
=0.04x0.08mm=0.0032mm2 of the width-of-face xFPC wiring connection 37 of the FUREKUSHA wiring connection 1 7 it 
is . In the gestalt of this operation, even if it is the case where the junction error of FUREKUSHA and Relay FPC arises 
0.12mm, this ****** area is securable. When the aforementioned relay FPC connection and a FUREKUSHA connection 
are made into the shape of PAD and the junction error of Relay FPC and FUREKUSHA arises 0.12mm, in order to, 
secure the junction field area of 2 0.0032mm on the other hand, it is the PAD size of a FUREKUSHA wiring connection 
and a FPC wiring connection. It may be necessary to be 0.1 8mmx0. 18mm. When FUREKUSHA and Relay FPC which are 
connected by this PAD shift to the direction of a x axis, and y shaft orientations 0.12mm, respectively and are joined, 
the capacity of Above PAD is set to about 0.09pF, and becomes more than the double precision in the case of 
above-mentioned drawing 10 (c). Thus, in the gestalt of this operation, when it has the shape of PAD in which a 
FUREKUSHA connection and a FPC connection have the same junction field area as the gestalt of this operation, even 
if it compares, junction field capacity can be reduced. 

[0063] The joint capacity dependency of the size of the reflection coefficient gamma in the junction field at the time of 
carrying out incidence of the RF signal to the wiring connected to drawing 1 1 through the connection is shown. In 
addition, the thing of resistance of 180ohm/m, the capacity of 50pF/m, and inductance 500 nH/m was used for wiring. 
The aforementioned reflection coefficient gamma treats FUREKUSHA wiring signaHine section 15c and FPC wiring 
signal-line section 35c as the transmission line, and expresses the reflection coefficient in the junction field seen from 
FPC signal-line section 35c when the slider side edge section of FUREKUSHA wiring assumes that termination is 
carried out by the load resistance of a size Zc. 

[0064] For example, when signal frequency is 1.0GHz, the danger of junction field capacity becoming about reflection 
coefficient |gamma|=0.12-0.18 in the connection using the terminal PAD which is 0.4pF - 0.6pF, and influencing 
transmission of a signal is high. On the other hand, in the gestalt of this operation, the capacity of a junction field is a 
maximum of 0.04pF (when it is drawing 10 (c)), and a reflection coefficient becomes about |gamma|=0.01 3. That is, in 
the gestalt of this operation, it is possible to make 1/10 or less reduce the reflection coefficient in the junction field of 
the FUREKUSHA wiring 1 5 and the FPC wiring 35 as compared with the case of the former which comes to use the 
0.4mm-0.5mmx0.4mm-0.5mm terminal PAD. Moreover, even if it is the case where PAD in a connection is set to 
0.18mmx0.18mm, the reflection coefficient in this junction field is set to |gamma|=0.028. Therefore, in the gestalt of this 
operation, even if it compares in this case, the reflection coefficient in a junction field can be made or less into 1/2. 
[0065] Thus, in the gestalt of this operation, the capacity in the junction field of the FUREKUSHA wiring 15 and the 
FPC wiring 35 can be reduced, this reduces reflection of the signal produced in this junction field, it is stabilized and 
signal transduction can be performed. 

[0066] Moreover, since it is made to make connection between this FUREKUSHA wiring 15 and the FPC wiring 35 in 
the proximal region of the load beam 20 which adjoins gimbal section 11a of FUREKUSHA 10, it can do smaller than the 
case of the conventional wiring one apparatus suspension of the above-mentioned [ the size of FUREKUSHA ], and 
cost cheap-ization of FUREKUSHA can be attained. 

[0067] Moreover, preferably, as shown in drawing 12 , in the field to which relay FPC 30 overlaps FUREKUSHA 10, the 
FUREKUSHA wiring 1 5 and the FPC wiring 35 can form the dummy PAD 90 insulated electrically. This dummy PAD 90 
can be more preferably formed near the connection of the FUREKUSHA wiring 15 and the FPC wiring 35. By having this 
dummy PAD 90, the bonding strength of FUREKUSHA 10 and relay FPC 30 can be made firmer, and the reliability of 
connection between the FUREKUSHA wiring 15 and the FPC wiring 35 can be raised. In addition, the aforementioned 
dummy PAD 90 can be made into the structure shown in drawing 5 (b) and drawing 7 (b), and the same structure, and 
can be joined with solder. 

[0068] Furthermore, it is a field except a part for a joint with FUREKUSHA wiring among polyimide cover layer 33 front 
faces of relay FPC 30, and the grounding conductor layer 39 is formed at least all over the field corresponding to the 
conductor layer 32 of relay FPC 30, an electroconductive glue can be used for the stainless steel substrate 1 1 or the 
load beam 20 of FUREKUSHA 10, and this grounding conductor layer 39 can be pasted up. Drawing of longitudinal 
section in the signal-line section of the relay FPC which equipped drawing 13 with the aforementioned grounding 
conductor layer 39 is shown. Thus, by constituting, the longitudinal direction of this signal-line section can be covered,, 
the characteristic impedance of signal-line section 35c in the FPC wiring 35 can be equalized, and it becomes possible 
to prevent effectively reflection of a signal signal-line on the staff [ this ]. 

[0069] That is, resistance of this wiring that affects the characteristic impedance of wiring, capacity, and an inductance 
are changed according to distance with the metal plate close to wiring and this wiring. Therefore, in order to cover a 
longitudinal direction and to set constant the characteristic impedance of FPC signal-line section 35c, it is necessary 
to cover the longitudinal direction of the aforementioned signaHine section, and to set constant the distance of this 
signal-line section 35c, and the load beam 20 and an arm. However, in order to prevent the injury on the relay FPC in 
the load bending section formation process of the load beam 20, or the junction process of the load beam 20 and an 
arm It is difficult for this relay FPC to avoid and arrange the load bending section and the base plate of a load beam, 
therefore to coyer the longitudinal direction of the aforementioned signal-line section, and to set constant the distance 
of FPC wiring signal-line section 35c, and a load beam and an arm in the conventional composition. 
[0070] On the other hand, as mentioned above, if it has the grounding conductor layer 39, it becomes a metal plate 
close to FPC wiring signal-line section 35c, and this grounding conductor layer 39 can cover the longitudinal direction 
of the aforementioned signal-line section, and can set constant distance of this signal-line section 35c and the metal 
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plate close to this signal-line section. And it connects with the stainless steel substrate 11 and the load beam 20 
electrically, and the aforementioned grounding conductor layer 39 is always being fixed to grounding potential. 
Therefore, by having the grounding conductor layer 39. a longitudinal direction can be covered, the , characteristic 
impedance of FPC wiring signal-line section 35c can be made uniform, and, thereby, removal ****** can perform 
reflection of the signal in these signal-line circles. .. , cn , a 

[0071] In addition, in the gestalt of this operation, although the suspension using the base plate 180 was explained not 
using a base plate, the same effect as the above can be acquired also in a suspension wh.ch welds the load beam 20 to 

[0072] Moreover it is also possible to replace connection between the FUREKUSHA wiring 15 and the FPC wiring 35 
with Cu bump 34a and solder plating layer 34b. and to perform it using an electroconductive glue 
It explains below to gestalt 2. of operation about the gestalt of desirable operation of the 2nd of the wiring one 
apparatus suspension concerning this invention, referring to an accompanying drawing. The perspective diagram ot 
wiring one apparatus suspension V which starts the gestalt of this operation at drawing 14 (a) is shown. Moreover, F 
view view in drawing 14 (a) is shown in drawing 14 (b). In addition, also in the gestalt of the aforementioned 
implementation, the same sign is given to the same or a considerable member among drawing, and the explanation is 

^'^Aforementioned wiring one apparatus suspension V was replaced with FUREKUSHA 10 and Relay FPC 30 in a 
gestalt 1 of the aforementioned implementation, and is equipped with FUREKUSHA 50 and relay FPC 60. As shown in 
drawi ng 14 . the end face side is prolonged to the base of a load beam exceeding the load bending section (elastic 
possession section) 21 of the load beam 20. and this FUREKUSHA 50 is bent in the side of the base of a load beam so 
that it may meet perpendicularly. And it connects with relay FPC 60 in this bent portion. In addition the connection 
structure of the FUREKUSHA wiring 55 and the FPC wiring 65 is the same also in the gestalt 1 of the aforementioned 

[0074? In Addition to the effect in the gestalt 1 of the aforementioned implementation, in the gestalt of such this 
operation, change of the load of the load bending section 21 of the load beam 20 can be prevented. That is. in the 
gestalt 1 of the aforementioned implementation, in case FUREKUSHA wiring and FPC wiring are connected the press 
force of going to a rear-face side from a front-face side is applied to a load beam. This press force gives the load of 
th direction of bending of this load bending section, and opposite direction to the load bending section of a load beam. 
Thus in the gestalt 1 of the aforementioned implementation, there was a possibility of fluctuating the load of the load 
bending section of a load beam in the case of the connection process of FUREKUSHA wiring and FPC wiring. 
[0075] On the other hand, in the gestalt of this operation, as shown in drawing 14 . the direction of the load ot the 
FUREKUSHA wiring 55 and the FPC wiring 65 applied to the load beam 20 in the case of connection is the cross 
dir ction of the load beam 20. Therefore, in the gestalt of this operation, it does not produce above un-arranging 
It explains below to gestalt 3. of operation about the gestalt of desirable operation of the 3rd of the wiring one 
apparatus suspension concerning this invention, referring to an accompanying drawing. Drawing 15 is the perspective 
diagram of the suspension 1" [ concerning the gestalt of this operation ] state before relay FPC attachment. Moreover. 
drawing 16 is the expansion surface view of FUREKUSHA 70 in the aforementioned suspension 1 Furthermore, 
dr awing 18 is a perspective diagram after relay FPC80 attachment. In addition, also in the gestalt of the aforementioned 
implementation, the same sign is given to the same or a considerable member among drawing, and the explanation is 

[0076] d The aforementioned suspension 1". it replaced with FUREKUSHA 10 and Relay FPC 30 in a form 1 of the 
aforementioned implementation, and has FUREKUSHA 70 and relay FPC 80 

[0077] Aforementioned FUREKUSHA 70 is equipped with connection stage 71b which extended to the front from the 
nose of cam of gimbal section 71a including the slider loading field 74 as shown in drawing 15 and drawing 16 And it 
has the FUREKUSHA wiring 75 on the front face of this connection stage 71b. In addition, the laminated structure of 
the FUREKUSHA wiring 75 is the same as that of the form of each aforementioned implementation connection with a 
magnetic-head slider is made through a terminal PAD 76. and connection with relay FPC 80 is made through a 

[OT8]The > point is prolonged to connection stage 71b of aforementioned FUREKUSHA as the aforementioned relay 
FPC 80 is shown in drawing 17 . Opening 80a is formed in this point and a magnetic-head slider can support now to the 
slider loading field of FUREKUSHA in this opening 80a. The FPC wiring signal-line section passed along the side edge of 
the aforementioned point 80b, and has reached first transition 80c of this point that faces connection stage 71b of 
FUREKUSHA. In addition, the connection structure of FPC wiring and FUREKUSHA wiring is the same as the form of 

each aforementioned implementation. „ . . 

[0079] In addition to the effect inthe form 1 of the aforementioned implementation, the following effects can be 
acquired in the form of such this operation. That is, since connection stage 71b is prepared in the nose-of-cam side ot 
FUREKUSHA and FUREKUSHA wiring and FPC wiring were connected in this connection stage 71b it is not necessary 
to form FUREKUSHA wiring on the thin arm 72 in gimbal field 71a (refer to domJJ i and _£__vir___4 ). Therefore, the 
degrees of option, such as material of the insulating layer which constitutes FUREKUSHA 70, a conductor layer, and a 
protective layer, and thickness, can be raised. ->„ - ». . 

[0080] Moreover, in the thin arm 72 of FUREKUSHA, usually, in order to make the slider loading field 74 project to a 
magnetic-disk side, offset bending 73 is performed (refer to drawing 16 ). In the forms 1 and 2 of the aforementioned 
implementation, since it is the composition in which FUREKUSHA wiring passes along a thin arm (refer to drawing 4 ), a 
possibility of doing damage is in FUREKUSHA wiring in the case of this offset bending. On the other hand, in the form of 
this operation, as mentioned above, since FUREKUSHA wiring does not exist on the i thin arm 72, there is no possibility 
that FUREKUSHA wiring may receive damage on the occasion of offset bending of FUREKUbHA 
[0081] Furthermore, as compared with the case in the forms 1 and 2 of the aforementioned implementation, 
FUREKUSHA wiring can be shortened and. thereby, the manufacture yield of FUREKUSHA can be raised. 
[0082] In addition, in the form of each aforementioned implementation, although the suspension to which 't makes it 
come to join the substrate and load beam of FUREKUSHA was explained to the example, the substrate and load beam 
of FUREKUSHA are able not to restrict this invention to this form and to be formed in one. 
[0083] 

[Effect of the Invention] FUREKUSHA which has FUREKUSHA wiring according to the magnetic-head suspension 
concerning this invention. It has the relay FPC which has the FPC wiring which i connect s FUREKUSHA and an external 
wiring object with the load beam which constitutes a suspension with this FUREKUSHA. It is supposed that it is the 



/8 



03/05/09 9:19 



http://www4.ipdl jpo.gojp/cgi-bin/tran_web_cgLejje 



same. (1) — the characteristic impedance of the FUREKUSHA wiring signal-line section and the FPC wiring signal-line 
section — abbreviation — It is the same and length considers as the length which applied the width of face of a FPC 
wiring connection to the double precision of FUREKUSHA and the junction error of Relay FPC. (2) — a FUREKUSHA 
wiring connection — width of face — the FUREKUSHA wiring signal-line section and abbreviation — It is the same and 
length considers as the length which applied the width of face of a FUREKUSHA wiring connection to the double 
precision of the aforementioned junction error. (3) — a FPC wiring connection — width of face — the FPC wiring 
signal-line section and abbreviation — Furthermore, since it constituted so that (4) FUREKUSHA wiring connection and 
a FPC wiring connection might intersect perpendicularly mutually and might be joined, the capacity in a part for the 
connection of FUREKUSHA wiring and FPC wiring can be reduced, and reflection of the signal produced in this portion 
can be reduced. 

[0084] Moreover, if a FUREKUSHA wiring connection is constituted so that it may be located in the proximal region of a 
load beam, FUREKUSHA can be miniaturized and, thereby, cheap-ization of the cost of FUREKUSHA can be attained. 
[0085] Moreover, if a FUREKUSHA wiring connection is constituted so that it may be located in the end face field of a 
load beam, in the junction process of FUREKUSHA and Relay FPC, it can prevent that a load is applied to the load 
bending field of the aforementioned load beam. 

[0086] Moreover, if it shall have the connection stage further prolonged ahead from the gimbal section containing the 
magnetic-head slider loading section in FUREKUSHA and is made to make connection between FUREKUSHA wiring and 
FPC wiring on the aforementioned connection stage, it becomes unnecessary to form FUREKUSHA wiring on the 
aforementioned gimbal section, and, thereby, the flexibility of a design can be raised. Moreover, even if it performs 
offset bending in the aforementioned gimbal section, a possibility of doing damage to FUREKUSHA wiring can be 
abolished. The length of FUREKUSHA wiring can be shortened and, thereby, the yield of FUREKUSHA may be raised. 
[0087] Moreover, if it has the grounding conductor layer insulated electrically [ grounding potential is further fixed on 
the protective layer which protects FPC wiring, and / FPC wiring ], the longitudinal direction of this signal-line section 
can be covered, the specific impedance of the FPC wiring signal-line section can be equalized, and, thereby, reflection 
of the signal in FPC wiring can be prevented effectively. 

[0088] Moreover, if it has the dummy PAD insulated electrically and the aforementioned dummy PAD is connected with 
FUREKUSHA wiring and FPC wiring at a part for FUREKUSHA and the joint of Relay FPC in the case of junction of 
aforementioned FUREKUSHA and Relay FPC, the bonding strength of FUREKUSHA and Relay FPC can be 
strengthened more, and the reliability of connection of FUREKUSHA wiring and FPC wiring can be raised. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the perspective diagram of the wiring one apparatus suspension concerning the gestalt 1 of 
operation of this invention. 

[Drawing 2] Drawing 2 is a perspective diagram in the state where the relay FPC of the wiring one apparatus 
suspension shown in drawing 1 was removed. 

[Drawing 31 Drawing 3 is FUREKUSHA in the wiring one apparatus suspension shown in drawing 1 , a load beam, and the 
decomposition perspective diagram of a base plate. 

[Drawing 41 Drawing 4 is the front-face side front view of FUREKUSHA in the wiring one apparatus suspension shown 
in drawing 1 . 

[Drawing 5] Drawing 5 (a) is an A-A line cross section in drawing 4 . Drawing 5 (b) is a B-B line cross section in 
drawing 4 . 

[Drawing 6] Drawing 6 is the rear-face side front view of the relay FPC in the wiring one apparatus suspension shown 
in drawing 1 . 

[Drawing 7] Drawing 7 (a) is a C~C line cross section in drawing 6 . Drawing 7 (b) is a D~D line cross section in drawing 
6 . 

[Drawing 81 Drawing 8 is a **** enlarged view from a disk opposite side side about the junction field of FUREKUSHA 
wiring and FPC wiring. 

[Drawing 91 Drawing 9 is an E-E line cross section in drawing 8 . 

[Drawing 101 Drawing 10 (a) is drawing showing the junction state of the FUREKUSHA wiring connection and FPC wiring 
connection in the case of being the junction error 0 of FUREKUSHA and Relay FPC. Drawing 10 (b) is drawing showing 
th junction state of the FUREKUSHA wiring connection and FPC wiring connection at the time of being joined after 
Relay FPC had shifted in the x-axis positive direction 0.12mm in 0.1 2mm and the y-axis positive direction to 
FUREKUSHA. Drawing 10 (c) is drawing showing the junction state of the FUREKUSHA wiring connection and FPC 
wiring connection at the time of being joined after Relay FPC had shifted in the x-axis negative direction 0.12mm in 

0. 12mm and the y-axis negative direction to FUREKUSHA. 

[Drawing 11] Drawing 1 1 is a graph which shows the joint capacity dependency of the size of the reflection coefficient 
gamma in the junction field at the time of carrying out incidence of the RF signal to the wiring connected through the - 
connection. 

[Drawing 121 Drawing 12 is drawing showing the modification of a wiring one apparatus suspension shown in drawing 1 . 
[Drawing 131 Drawing 13 is drawing of longitudinal section of the FPC signal-line section at the time of having a 
grounding conductor layer. 

[Drawing 141 Drawing 14 (a) is the perspective diagram of the wiring one apparatus suspension concerning the gestalt 2 
of operation of this invention. Drawing 14 (b) is F view view in drawing 14 (a). 

[Drawing 151 Drawing 15 is the perspective diagram of the state before relay FPC attachment of the wiring one 
apparatus suspension concerning the gestalt 3 of operation of this invention. 

[Drawing 1 61 Drawing 16 is the front-face side front view of FUREKUSHA in the wiring one apparatus suspension 
shown in drawing 15 . 

[Drawing 171 Drawing 17 is the perspective diagram of the wiring one apparatus suspension concerning the gestalt 3 of 
operation of this invention. 

[Drawing 181 Drawing 18 is the perspective diagram showing the installation state into HDD of a wiring one apparatus 
suspension. 

[Drawing 1 9] Drawing 1 9 is the perspective diagram of the conventional wiring one apparatus suspension. 

[Drawing 201 Drawing 20 is the decomposition perspective diagram of the wiring one apparatus suspension shown in 

drawing 1 9 . 

[Drawing 211 Drawing 21 (a) is drawing of longitudinal section in the signal-line section of the FUREKUSHA wiring in the 
wiring one apparatus suspension shown in drawing 19 . Drawing 21 (b) is drawing of longitudinal section in the terminal 
PAD section of the FUREKUSHA wiring in the wiring one apparatus suspension shown in drawing 19 . 
[Description of Notations] 

1, V, 1" Wiring one apparatus magnetic-head suspension 

10 FUREKUSHA 

1 1 Substrate 

11a Gimbal section 

1 2 Insulating Layer 

13 Conductor Layer 

14 Protective Layer 

15 FUREKUSHA Wiring 

1 6 Terminal PAD 

17 FUREKUSHA Wiring Connection 
20 Load Beam 

30 Relay FPC 

31 Base Layer 

32 Conductor Layer 

33 Cover Layer 
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35 FPC Wiring 

36 Terminal PAD 

37 FPC Wiring Connection 

39 Grounding Conductor Layer 

50 FUREKUSHA 

55 FUREKUSHA Wiring 

60 Relay FPC 

65 FPC Wiring 

70 FUREKUSHA 

71a Gimbal section 

71b Connection stage 

75 FUREKUSHA Wiring 

80 Relay FPC 
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flH=&lvcB^L$l*T— AlcfMStiTlti. SD- 

Bp- Kfcf— A2 Olzli. 5fe4ttWCTr-f >30l/2 
lfSJ2 3A«»tt$tfCL^«. ttlB^-f >^iU2 2l*. tt 

o aajusiciSMr^^^i^^oxfcy. atft^^Kx 
7^*<D*»i>i::{iML-ci*6o -rat>*. smi^kx 

? y iziatt l t» < c t ^<pjffi t «: o r t 

[0 0 2 8] »D— Ktf— A2 0I1 K$L-<tt* MS 
50 v m~ 1 00 /i m(DSUS3043? CD X x > U X £ x y T > y 

fz<fe y*HB£j£j»u £ ^ic^uxjboxicc*: y^ 

il/2 2, U— JUffilf^2 3£l£ff£-f £>Z<hl::£c>T* fl£ 
RH«C(h^t^^o »P-K.e— AflOfiffiftlf 

S&2 1 IS. 7L/^y-V 1 OM^-X^U- h 1 8 O t 

[0 0 2 9] 7b^>^ 1 OtD — Kfcf— A2 0 

6ayn«Ke- A2 ot^<- x^u— h 1 so toots 



Jgl-fcl^Tli. X?K*;/ h^tflC^yjf^LTl^o 0 

9 9A<j§&£T-fc£o **>\ 7^vr10tP- 
Kt-A2O^0fil^l^ H3lc£ <^£*v£<*;5 

[0030] h^iz. ^ib^l/^v-vi osan^b 
1 2, situ 3&i;eaii 41*. **i^*w m*. 

5//m~10/jm*lKa>7Ky-<H= K&tt/I. JS^5^m-10^m 
[003 1] H5tBSffil II*. 5t«iffllic. BMR^^KX 

I**. RvVAVHH 1 ali. ^Sl^^X^^lHliSICc*: 

[0 0 3 2] Sfrfg*f*Sl 3lZ^M»jXdF4l«7U^-> 
tE*i 5 1*. KX7-f^4:lt«aF*i«ifett« 

*i sat. 4>tBFPcto>ttgiff««a-r«aK«fiwii 
sbt. miB5fett«i«i&i;x«iiiffi4tina)«#Mitti 5c 

[0033]«E*JHWl5alt X^-<yt(D«ei 
^iS^PADI 6t*LT8«, SJg^PADl 6IMICM 

[0 0 3 4] «efll4ltff 1 5cAtfSfllfB«'1 5 blC 

1 5 c AtfSAMBtt 1 5 b(D^(*ilig(*. «ittf. 30^m 

[0 0 3 5] WGtt«fa«t1 SblCfcl^Tli. El 5(b) 
(C£<7p£*v££5l3. fteilRll 4lzPDgj1 4 a 

*<»ja**trfey. s^spspi 4a^Lt8ftii 3 

4<BULtU4. BBBQ01 4 a tt, S5S®«1 5 blc 

li. «HJlr4lz^ja*ttfcTOEBBP«i 4a0)«ffit 
8tt5-r&W*Bl 3a>ffl|®<t0)fe1lz. tO|im-20|/m<DH 

[0 0 3 6] fl5fB^U^->VlB^1 5tt % S5IZ^^tt 
-Scfc^lZ. fi-^«SP1 5 clzfcl^TliCulf 1 3 0)ft\Z& 

y«aa?*tTt^*. sasa«i sbizfei^n*. 



( 6 ) 



4^2000-231709 



5 bicfcltSCuJf 1 3&l/Ni/Au#>o£Bl 3' 4= 
«FPC&<DttMffi1 7*»jfcLTi3y. 7<D 
«fifrE«#tt»i 5 cCDHtllBH— tttoxt^io - 
0)'* 3 1 7CD«*«#a»1 5 cOtetBSfsl- 

t-r^Ctl^cfcU. ^U^-VffiHl 5£FPCK«fc(D 

fcfc. fJfENi/Autf>o£Jfl 3' I*. Cu@1 3<7>JB;&£ 
l»jL***<&t,a>-e&4. IMENiBatfAuBli* 

[0 0 3 7] IWIBX^yfll^FPADl 61*. -SW100 
A/m-25O//m^S0ffi^«i:$ttrt>^o ttJS* H** 

Ml 4l::JWfcSifcfc||jpaHcJ:-3T. 9»I13^S 
UJLTl^*. fcf£U ca>»»a>«MBBPfiH4X^-f 
^ffl|4S^PAD^«j«-r*»»Ba)*B*y. SKStiTI,* 
So »Bn»lc«fcoTjia5-r«W(»IlO>±lzNi-/Au(«* 
1 m/1 /i m) tftf) o £ £;h/Cl**o 
[0 0 3 8] S5SB^«FPC3 00>3®EI£^ 

[OO 3 9] «iJS5*«FPC3 Ol*. S7lCj:<^$*tS 

&ttt)/t-B3 31*. fl*tf. J?£10/im~2 

O/imCbTK'J^S K^-Xl, J5£12jim~18/im(DCu|f £ 
^fr«ttB;&tfJ?£15//m~25//m<&7KU>f £ K*-/<— B 

[0 0 4 0] S*iSFPC3 01*. 11 ICtf 

5feagg»3 0aSci)b^feD-Ke-A2 0(D5fe^lS 

Tl>£ 0 *liFPC3 0CDS^ai3 O bfi. U^L 

gfJ3 O a t&mU3 O b t(Dm<Dtpm®3 O cli. P- 
Ktf-A2 0<DS®&tfT-A(7>{lSffilC&^£;ft,£ o 
LOO 4-1] «rlB»{*(B3 2CCcky»filt$#t«FPCE|» 
3 514. fFfe^U^v-vlBISl 5£&tt3*L4%flSffitt 
3 5 a <b. HtJfH^ l J7>^IC<t^$tlSS^l|j3 5 
b t. -ffiteftttffi«&tfttttffittMa>A#lAff 3 5cd: 
t*LTL^* 0 (E6#RB) 1lfnB£NtfMt3 5blt ^ 
UT>^IC<!:(DtS^^PAD3 6^^LTl^So StiS 
^PAD3 6I*. -ffl^250/im-500^mSJga>*§ 

[0O4 2] ffiTR«-9IAffi3 5 clZfcl^TI*. IH7 (a) 
(c^-Tctaiz. «ljfB^{*^3 2l*mIIH*/^B3 3lCcfc 
otl^TU^o 5tM8f|J«3 5 alCfclvtl*. 



HI 7 (b)l^^t-J: ^1^. flfB*/<—^3 3IC^P§P3 3 
a*<J&J«£*U KBBPSP3 3 aS<MTSffit-5i»«:I 

3 2±fCCu/\*>^3 4 a^lS^tLTt^So fit, 1£ 
Cu/<>^3 4 a±Clj:|^f:i3 4 b 7Wf2j££*lTl* 
So fin^. *ll]fr6a)ft2SglZ^TI*, ^<*/l3 2<h®& 
Wl3^$tLTl>SfltIiBI4Xf£B3 4 b^U^^YSS 
Sill 5<t<&J£*^3 7£ff2j«LTl^o UlIBCu/<>^3 

4 a I*. »afficfcyjK< <C*J:3ft« 
£<h£*LTl^ 0 l£Cu/<>^3 4 a (DJ5*(*. L < 
f*. 20/im-80//mi:-rSC<i:^T^So &tz. SfTSBttA/ 
t£!3 4 b(DJ?£l*. #£L<I*. lO/zm^OAim^-rs 

[0043] flfBFPCgg^ 3 5 I*. b5IS«^^SP 35c 
W*JMW3 5 a|Zfc|-tS^f*B3 2CD^<5^ICf5) 

-<t*tir*>yiLofi^*igp3 5 c<D«i*®mfi^ 

4§f*. 60/im~100/imgg-efcSo S5I5 

*/*-B3 3IC^$*tfcBaP^3 3 aOBBPXtyyii 
3J{*B 3 20X7 vcfc y 20 /i mfiSWffiillzficS-r £ ck 5 
l:f^)o HP*>. PPSP3 3 aO)iig(i3i{*B3 20>i|i§IZlt 
LT40//m§£»< SfiTl^o C*U*. ^IBCu/^>^ 

3 4a a)i$*ws§§tt^fcftr*fc^o 

[0 0 4 4] fc*>\ S58S+«FPC3 0CO*dgSP3 0a 
I*. FPCISj£3 5£?Lx*v-VlE8|l 5<t(mg£^«JU 

<7*s* 1 OlC}$$$tLTl^ (E11#E3) o -tO) 
BSl^fc«tS*«FPC3 Ot7U^vt1 O^CDfiH&tf) 

3 sizev^a-rciriz^oT^nSo ^ ^ic. 

FPC3 OOP— Ktf— A 2 O^a^TiT— AWIH^*^ 
X7H^vS^^S»J^t>T^^So 
[ O O 4 5 ] «FI27 v-VlBt9<i^»eB 1 5 c RtfFP 

©^H&^-XgJl^W^ti-C^So 

[0 0 4 6] C^X. ?U>7 vvKftlfi-^jS^I 5ci: 
FPCE««#«»3 5 c t^li-Oe-^^XSiS 
^-y-S^lzolNT^-rSo ^^1^. ^U^v-ViH^ 

fi^H&an 5 co>!f$tt>r>e-'sr>x/)<K^T*fey. e 

>t°-~^>X|zFPCl£iaii-^«^3 5c0)1$^ 
i;gfitlCttt#-rSo I5IBFPClBISil^SP3 5 cCD*§ 

ic#a-r6«jH(z>R»*i^«kya** 0 ^fc. fpcie^ 
35i^j:y^^So Canaan*. »ttBte&i/#»Bra 
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tiLtor$m\z&L?fTZ>. FPCffit!SHI^*|gf5 3 5 ota- 

#tt-f>e-y>xi*, m#m3 2<d*s. #»i3 2© 

[0 0 4 7] *^#A<»fc3tKfe*lc<k*i:, 7W-> 
V 1 OflDttlSB 1 2<DJ?$^10//mi: U 3H*Ji 1 3<D 
♦S/F B ^^40^m/40^mi:-r-5t. 7U»->^S«M 

Mff i .5 c.ro^tt-c >tf-y>xi*<i#ra;K»200MHzr' 

lilOOQSgiJtCofc. FPCE|£Hl#*8g&3 5 c 05 

gttJf-3 2(Di|iS/raPa^80Km/80^nii: U *«FPC<DtK 
•J-f 3 K*/5-»3 3<D»$$25//mfiat-r*tlS. 11 
#raK»200MHzlrfc(+^FPCS»m#*SS53 5 cOTfttt 
-f >tf-^>XAM00OSg^'S-5>CtA^je« Lfc, 
[0 0 4 8] 081*. :7U^v-vlB*g1 5±:FPCgE*83 

5 1 omism&ZT ufamm^ & 

-5. S9li, E8lcfclt*E-E^»f®ElT*fe 

[00 4 9] S8^l/S9lC7F-T T7L^v*lB 

5£FPCIBia3 5<hl*. :7U*v*iB|gCO&*S8M 
7 <fcFPCffi*8<Dt£SiSfl3 7(i:^Ltg^^tt^o 

UT<D*&\Z&'?TtjiZtl%> 0 EP*>. ffl 
IBeS*tf>7l 1 0 b . 3 8jffll>T, *«FPC3 0*m 
^C0&Se77U^^-V 1 OlcSfe. 250 o C~300 o C^Pf» 
Ltetft>7ls<7zs* 1 Ojzjf Lf+lt'So S#VK.*-?T. 
fl5fei£A/f£B 3 4b tffeMLTy \s<? 

1 kdMM^^o ca>&. MMurictiCcfcy* la 

9|C^-TJ:5l^ 37L^v^i£&1 5<tFPC|B*|3 5«!: 

[00 50] #IIBFPCiB»3 5(7>j£g|g03 7 (Offi. HP 
*>. I*A,*£J1 3 4b <D4BI*. FPCIB«Hl^m& 3 5 c (O 

mftm3 2<D&t®m-tztLX^&<> ant. ?u<? 
nit a« v «*ar>o*izj:.y»fiR$*Lifc^ -?bu 

frvtt<fittfaizbf$.g:irz> 0 jjot, *&FP 
C3 0(D5tS8««3 0 al::fclt6^ttg3 2(D«£80/i 

m. mm&m±<r>-#m k*/<—»3 3 ©be 1*^20/1 m 

t L> |£;*J/*-Jf 3 3 IC«40^ma>gBP 3 3 a £ffi£/£L 
fc£^;<g> (B7(b)#|B).. f LT, Gu/<>^3 4aC0 
JS££30/im#tfliAy*:ft3 4 b<DH$^10|/m<t-r^ 
RfcM/f£B3 4 bl±5»S*fl©^ft&-t t **St* 
Kl*A,f£Ji3 4 b(Dig^»«:®cD«i<h^ 

ffi*3 0-a<Dj»{*HfftiU «fi*a>*5l=. WW3 0 
c IZ fe If 6® ttJftg £ [51- -e fc£ o 
[005 1) :7U**>*et*1 5a>Stt»1 7(D 



7L/^v-V1 0<5:*ISFPC3O<ta)^CDfSlC^i:^m 
-&^AL(D2<gl^ FPCSE^3 5(Di*^»3 7(D*S. 

sp^. (*A,/£jf3 4 bflDtt£ao*.fc«s <t£*vri^o 

[0 0 5 2] «|B««H2ALI*» 7l/^v^10i:* 
«FPC3 0i:CDiiS*^(cpgL. te/?§£ft*fia$fe#>7l 
10 b. 3 8C0^t^Mlcttc#-r^ o fit, {iS2fetf> 

mt. JLvT>7iz&^TM!&£tiz>&. s&a 

[OO 5 3] 

AL = (ts+tf) x A - • ■ (1) 

fiu tsii^u^v-vi o^am-r^^scDa^fis^ 

^ffl^^^ti^SO®^. tfl**«FPC3 0£«fi£ 

flHft-Ofcy* ^*IZj:^^CDl|gm. SSWICA=2 
- 4 CD IB H £ t & Z t *<*IJ Bj§ L T I > £ o 
[OO 5 4] fljitli. 7l/^ vffiia>fia*^fl. 1 0 b 
^f>b7lffi1 II^^L. *«FPCfflia)iia^ 
H3 8^-xl3 1l:MLfci:t§o fc*b\ CCD* 
^U^v-V<D*fe*tg1 2;SU*«a]8 l 4. 3fet/iC* 
i^FPC(D*/<-S 3 3 iz\t. ffiflBfia^^TL^ U 
Kim\fX^< 0 filo-C. C4x«b(7)Hl*37U<7v^ 1 0 
^^*»FPC3 0O}*^^IC^L^^o ffi&<»&? 
\z % 7U^vt10(DSfi1 1 l*J?$15/iro-30|im. * 
*£FPC3 0(D^<~-X®3 1 fiSSIO^m^OAim^ £*lT 
l^^^t>. *HJ60>^^^lt^}*^SALIi. (1) 
^Ccfcy. AL = (25//m~50A/m) x (2 - 4) =0. 1rom~0. 2 

[0 0 5 5] mm<OmM<D&iz % 7U^y^Sfi1 1CD 
l¥$^25/im. ^»FPC>C-~x®3 1 (DJf ^^15/imt!fc 
B9IB*±«ISA^3i:U/cii-&^J^iftB^-r^<i:. 
MIBl^^MALIi. AL = (25/im+15/im) x 3 =0. 1 
2mm (=120^m) tUZ> 0 FPCiglS 3 5 

3 7 a>*s^ b5^C0^ 3 (c80A/m^-r^>^(c(^. ^ 
v-VlB^I 5(Df$ISgPl 7CDS* La(i. La=0. 12rranx 
2 +80/im=0. 32mm<t^:^) 0 

[O 0 5 6] -Su FPC1B^3 5(D^g{i3 7 
CD»ttJC*5l^rtt, (iA/t£jf34b) (DS^FLbli. ffF 

1 7©«*Jn*fc«*i;3F*L*. tot, ttftKlAL 
AL=0. 12mm-Cfe^ii^l3fcl^r. 7b^y« 
1 5(7>}tgia51 7<D^£40//rn£-r££. FPCifi^3 5(D 
Jg^gP3 7(DS^ Lbli. 0.28nmtfe*a 

[0 0 5 7] £LTIC V ^U^->VlB^1 5(DSSiaS1 7 
(7)^*^l/FPCiB^3 5(D^1K«3 70>g^$. _t$E<D 

[O0 5 8] H1 0\Z, 7U*->-VB«»«IH 7 tFP 
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CEtt««»3 7fc<D»*ttffl*«-r. mi 0(a)l*. 7 

Sfc. 01 O (b)Atf(c)l*. **L-f*U *J8FPC30*>< 
v-V 1 Olz^LTx|ftiE^(Sllc0. 12mm. ylftjE^ 
[SlftO. 12nmT^frtt®T*fg^*ttfc^-&Si;*SIFPC3 
OA^^vvi Olc^f Lt xlift^fpjfcO. 12mm. y $fc 
a^rpl ICO. 1 2nrnTtttett!g-eJS ^ * *tfc»* * ^ b T 

[OO 5 9] 010 (b)&i;(c)|Z^-rj:5lC. 
*Blt0>»IK«in 7 fflE»^KSAL0>2<S 
IC/*«FPC<D»«»3 7©«*anitfc**a?t M 
O, FPCBB«0)tt«tt3 7 0)***. StFEft^KSAL- 
0> 2 filler y U>7 S/^KHlDttflW 17 ©tffclBAfc* 
**t-*"4CtfC<fcU % 7b*J/'t1 0£*«FPC3O 
t0)*«lc|Bb. x4jkfttfyltO[>flna)«nic|C«jHS 
J&<±bfc*&-CfcoTi. 7U^>VE81 5£FPCE 

[0 0 6 0]*C, 7ls*zs*&&0>mmt®l 7 tFPC 
iB«(DtSfiieP3 7 <tfcJ:^^^«|zfcit-S§Sico^ 
TSttHr*. 15£^fg«cD§Si*. ^u^v-vS2JS}^ 
SP 1 7 &t/FPCBB«l&&SB 37(0? %«-^fiailz*.5- b 

£i*»#a>;fc#si;HfcM-4. fin*,, @ i (Hamasi* 

■CI*. ^U^v^iBtaStf&gfll 7(D5*>FPCSfi«»jSa 
3 7$«K^fa«1 7a£. FPCafi«ffiia^3 7a>5*> 
^U^^-vK^««tSP1 7£&*£^#3 7 a<t(D*£ 

fS^SSia§Sli. S 1 o (b)\z^-tm£\ziiutteV, 

[oo 6 1] f&wmomm&mz* z>t. 7^vti 

OCDtK'J^ ^ K^ifilfl 2(Dil^.*10/im<t b. tfy* 
5 K«SJi 1 4tf>H*£3//m<t bfc«^. tS^®«Sa 
^fi^ t&4Bl'b (c) IZTTstm^ t'fcot t, kjs^^ r 
^g(*0.04pFaST*fe^ o ^U^v-vEMtfgfSSP&tf 
FPCIE&fgglgfltf-iaO. 4mm~0. 5mmggC0jgm<t £*tfc 
tt*CD4g^PAD(D§Stt. 0.4pF~0.6pF 

^*CTlcfc(tS#a(7)1/10mT-C&^ o 
[0 0 6 2] £&|Z. v^Eimgl^&tfFPCE 

0)»«««ffia35<*ilJfi(D^«lc felt* £ l^)-CDJi^<t 

oifc^^fir^o *HSfia>m®icfcit*gfr«5«^««<o® 

fSl*. >U^*>-vBB«»»»1 7(D«xFPCiEtttt«» 
3 7(7)"H=0.04x0.08mm=0.0032mm2 T*fc£ 0 *HS£0> 
MBlc&lvci** v^t*«FPCt(Oft^S^ 

o.i2hm±cfc*ft-e*oT*. is^®«®a*»«-r* 

-t^t?*4. ttlE**FPCtt«»atf7U^-> 
■V«l*tt*PADtt£ bfcil^lzfc^T. *&FPC<h 7 
v -V t (7>&^HM*<a 1 2mm£ b tzWiti \z I >t t . 0. 00 
32»ni2a>*$««ffl«S*«-r*Alcl4 % 7U»^E 



»««»at/FPCE««8lM<DPAD-y--<X* 0. 18mmx0. 1 

i/^ *«FPCt xN«R. ylfcfrfllz^jfc-ftiO. 
12mm-r*VT«^$*t/=ii^. iiiJfePADCD#Ste&jO. 09pF 
fcttU. ±E"a>H10(c)(D*fta)2f&JSl±4:3S* o c-OOJ: 

51c *H!6(7)^sicfctNTi*. 
FPctg^gp*<*3isfe(D^Sc!:^-^^^m®a*^-r*p 

[OO631011IZ, tt«««^LTtttt$tL'fcEtt 
lcKsa«-^«AStbfc»$lcfclt€>, tt*««"C(3!)JS 

*SU:I*. }gtfi180Q/m, #S50pF/m. -f>y^$>*500 
nH/m<D*a>*ffl^fc 0 WES»«»rii. ?U^vvE 
NLfl»lttt 1 5 c &ttfK»ttflHHA*B3 5 c £fci£*a 

* Zc(Dft^»tAiZcfc y *«n**ir tiss bfc t zo) 

FPCfl#^SP3 5 c^bafcJ8^««-r?(DJRIt«a$a 

[0 0 6 4] «#JB»»jM.0GHz0>*^ 
W«3W. 4pF~0. 6pF<D«*PAD*JHl*fc*|tTM*, 

s»«ai r i=o. i2-o. isas&ttM. fl»a>fi»i::B 
*r«ftM£fi«i\; cttic^tbr. *njfio)^®izj3 
L^ri*. »^fi«a)S«A<«*o.04pF-ea6y (010 

(c) <*>»&) . R»«ftl* % I T|=0. 013fI&<£:S:& o BP 
*HJ60)^SIlCfcLxTI*. 7^y-vEtJl 5tFP 
CK*S3 5 t<D»*«J*lCfcltSJ5»«a*. 0.4mn~0. 
5mm x 0. 4mm~0. 5mm(D^PAD*m l^T *(D»^IC 
ItbT. 1/10JslTlc«**i±4ci:A<prtt-C*4. * 
tz. ^aJlcfclt^PAD^O. 18mmx0. 18mmt bfca^T? 

fcott, iSft^^sic £ it * sttttikii I r I =0. 028 
tteZ>o ttox. ^Hffia>J^gSl3fci>Tli. WrA^«»$ 
I^Jtbrt. *d«*l=telt«K»««[*1/2»T4:-r 

[00 6 5] za><fc5ic. *HSfico^Bi3tei>rii. ^ 

^^E81 5<tFPCE^3 5^(D}*^«lCfclt* 

(7>s«t*«Mb. «#eii*se3Ebrff5c:tAtT?* 

[OO 6 6] C0)^U^*>-vE«1 5iFPCE« 

3 5 <!:(D}gSI*. 37U<7 v-^ 1 O0>i»/i}\,»l 1 aC 

»t«-r s k e-A 2 o o5tas®ji£izfeixTfT 5 £ a 

[0067] $fc. »* b < I*. 112 \Z7jkTfk 5 \Z y 
7ls<7*>* 1 0i:*^FPC3 Ot^t- =^^-f-5 
««ICJ31^T, 7l/^vtESl 5^^FPCEj*3 5 t 
liS^MlC*feli* ttfcy = -PAD 9 O Z t tfi 

T'^^o iS^5-PAD90l*. *y»*L<!4. ^U^7 
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v^ieia 1 5 <tFPCiB*a3 5 t<DmmN&#n»gt*z 

7U^yt1 0£*«FPC3 O£0)Jg£3$j££c*:y5£@ 

— pad 9 o ii> ms to&umi mzTKLtzmfetrnm 
<om& ttsctA^t, i* a,*: ^ r ts^-r 

[0 0 6 8] *ffiFPC3 0(D* 0 U-r 5 K*J/<— 

133 s®o a 37 *>*ie«£ cos^gp^^ » < m 

8t'ifcot, MO, #fc <£**«FPC3 0<D*f*jf 3 
2IC^-r^«l«<D^®IC % &****JI3 9£J&J«U 
lS»ife#t*:B3 9£:?U£^ 1 0 0)XT>bXSSl 

fc*«FPC(Dm-^iaa?^fclt^«tBJT®S^7F-ro 
?\zmf$.'t&Ztlz&y > FPCKIS3 5lzt$li;&m^& 

[oo6 9] fip*>. K«(D^t±^>e-^>^rc^s^ 
&^-rsK«(D«ta. ss. ^>y^^>xi*. Stat 

ox. fpc«^i9SB3 5 cofttt^ 
*rsjrzMo-c-^<tf^^icii. Sfi^-*8S&3 5 c£n 

— Kt-A2 O-^r-AtCDffiSl^gBfi^SBa)^ 

- Kfcf— A2 O0)^attifS»^xS^a- Kfcf-A2 
0<tT-A<!:<D«^XSlcfclt^*«FPC^«|^teJl: 
-T^AI^. S*«FPCI*a-Ke-AO)^M*lf^^ 
-X^U-h£®ltXIBi5^£#^*<fcy. «ot, ft 
*<0mmi^fcl^T > FPCffi*§UI^|gS&3 5cd:P-Ke 

x <t -r & c <t i*. h»i? £> & o 
[oo7o] ctucfcru .«jea>j:^ic. &i&mt*m3 

9 £ fift^l*. 3 9 ^FPCiB«M^^SP 3 

*fe3?t*Jf 3 91*. X^fVUXS&l I^P-Kt-A 

«. ftot, tSife^gS^^^^C^ICcfcy. FPC 
iB«MI*§*a«3 5 c<Dftfl-f >tf-y>^Sft*»R»Z 

[00 7 1] fcfc\ ^HS6(D^|Zfc^Tli. ^-X^ 
U— h 1 8 0 ^ffll^c^X^V v 3 >C:Ol>TifcSBL*: 

^-X^U-hSfflUf, D— Kb:— 
AlcK^fg-T^J: 3ft»XK>->3 >ICfciyC*,-tIB 



[0072] 3?U^7 v^IBISl 5 £FPCiBj§3 5 

tOmmZ. Cu/*>3?3 4 a&U:|*A,*£#>o£g3 4 b 

*#r9looi^b^^ 0 hi 4(a)iz. *mmo>mmiz 

fc. Ell 4(b)|Z. 11 4 (a)lCfclt^F^S^^-To 
fcfc\ H4 3 . B5ieHS60^©(cfcit^tl^-xi*ftaa 
»l::l*|5)--##£ttLX. ^O^^^BS-T^o 
[0 0 7 3] «II5iB^-«:S^X^>va>i' |* % SJ 
ffilSS£<7>fl£© 1 icfclt&^L^^-v 1 o;Rtf*t8FPC3 
0 ICftxr v 7 Is* v-V 5 02&tf*8iFPC6 O JMt 
l^o K7l/^vt5 0l^ 01 4IZ7F-T £ ^IC. Sffl 
flWP-Ke-A2 0(7)^att(fSP (SlttGMfgfl) 2 1 

^®x.TP-Ke-Aa>»sp*r^i/Tfcy. p-Ke 

btiXl^o fit, Z&ffiVmf ^*t/cgp»lcfct^ 
X. ^SFPCS o<htg*a**iTi*£o fcfc, 7^y-V 
Bit 5 5 <tFPCBe&6 5 <h<D&£i«&l*. mieiijfi<^^ 
ffillcfclt^irimfll-Cfc^o 

[0074] z.<D&ou*mmo>i&mztei^T\^ #jsb 
HSfi(0^sSi icfeit^asrcAa^-c, p— Ktf— A20 

& 0 BP*>. BillB5SJ6<Dff2® 1 ICfcl^XI*. 7U^7v^S 

«<tFPCies££&«ir ^fsi^. p-Ke-Aiz^L 

^i*. p-Ke-A(D^mfflifSPic«Lx. K^m«(f 

mfcnmoMm 1 icfci^-ci*. ^ v^K«i:FPCiB 
«ta>^xg<7>psic. p-Ke-Aa>^sttifffla)^ 

[0 0 7 5] C^lcWLt, *HJfiO>^©IZfeL^I*. 
0141^^91^ ^U^ v-^iB^S 5 £FPCffi|g6 

5 <ha>^a>ssicp- Kt'-A2 orz»^^fi^a>*iBi 
f*. P— Kt— A 2 OCDti^rfpJtrfe^o ttor, 

»3 >a)»^Ll^3CD||J6<7>^SI|ZO^ »f*EI® 

£#l!BL-ooittBJl-r£ 0 Hi 51*. *HSScD^Slc^^ 

^xx>*> a > i " <D#mwcmttmftB<Di®mmT'fo 

7U^vr7O0ffi^iIiffc^ o ^^13. Hi 8 

i*. *&fpc8 omriko>m&mT'$>z> 0 ^*>\ h*. 

[0 0 7 6] B5IB-^X^>V3>1 " Mienjs^ 
®1 fC^>lt^^U^i>V 1 0^lX^FPC3 0[Cftx. 
X. Vis? is* 7 OJ&JStpMm8 O^iljLXl^o 
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[0 0 7 7] mfcyis^is* 7 Olt. i1 SJBiXfmi 6 

ic^-Tcfed^. x^-f ymmii«7 4^^trv>/^uSP 
7 1 a©ft»^6lB^B4LfelMltXf-i;7 1 

f-v7 1 b(7)^®±|zfi|K.^tLTl^o ?l>^ 
v*E«7 5(7)«Jf*fti§IS. iRIBftftttCDVn^RlW-e 

fey. m%^v Kx^-f y<ta>}ssiii4g^PAD7 e^tfr 

LTfrfc>*U +»FPC8 0,h<7)m^limSlgi5 7 7 $^L 
[0 0 7 8] «F85*iBFPC8 0li. H 1 7 Ic^fi/Cl* 
b£T?@t/Tl>6 0 v R*«8»IC[* % BSP8 0 a*<ff2j£$ 

ttrasy. 'RHin s o a rticjsi^ra*^^ K*^-r* 

cdx =? *f cfe ^IC 

fcoTl^ 0 FPCgS^Hl^SPIi. jUfBfcagS&S O b(D 
(DS^iSy. '7U^i/-v0)»axf- 57 1 b£r|S]£^ 
3ftacSSSK7>«I«8 6ciraiLrt>-5o FPCE« 

IHlfilT?fe^<> 

[0 0 7 9] Ca>cfc•5^^:*ll^6(D^®lCfcl^Tli. 1515 

z.bWv&*o W*>. 7i/*i/va)**llicl«)lxf- 

V7 1 b£Rlf* IftttlfeXT— i?7 1 bfZfcl^T. :7U 
*^VE»fcFPCE*t**«-r**3|-Lfca>-C. v 
>'W«7 1 a|c£|-J-«MMV7 2±\Z? 
m*»J*"*"*i&S3S^ftL^ (01 6&tfB4#H) o tfco 

7i/9S/t7o$i*ts*««, £i*if&tf#ai 

[0 0 8 0] *fc\ 7U££s'*<Dfimt7 2IZ&lvc 

ms-a-aai^. t?ty httif 7 3*<fTt>*L« (Hi 6 

[008 1] S&l::, g|[fS||Sg(7)^S 1 #t/2lcfclt£ 

[0 0 8 2] fcfc. WE*5IIS(J!>»t*l=i3l*TI*, 
>J v v 0>*tK i: □ - K f— A fc £f$£ $ -frT * 
> > a >£<SllciftB.B LfcA<. *«HI*Jlrfr*KBl::lBg> 

*° 

[0083] 



[f§BJ§roSb^] 3 > 

U $ -> * £: & ic-tf-XK > •> 3 > **wtr * □ - K tr- A 

■r-S't'iSFPct^taK.. (i)7u*^*ffi«Mg#«antFP 

CEia«4Mi»i:©«tt-f >tf-y>x*»H-t L, 
[2)7U9*>*EttlftflM£. tttf^U^i'YStlA* 
^SBtBSlHl— T-feya.oS^A«7 vv»l/+«FPC 
<Dtt6KS0 2ttl=Frc£M«tttta«££Q*.ft:ft$ t 
U (3)FPCiB^fifiSSP$. ♦SA<FPCE«Hg^«gBiBSE 

**0*.fc*$fc U (4)7W> 
*Stftifttttt&t/?PCEtt»ttttft<SlM=B£ 

[oo8 4] *f =% 7u^i/-vE«»«ias*p— h*e- 
[0085] *f=, 7u^s/-vEtamta«a-Ke- 

YitfJ«FPCt<DJf#Xg|cfct^. tfrKQ-Kbf— A 
[0 0 8 6] *fc, 7U7y+5> M^vKX^'fy 

[oo8 7] FPCE^^ffia-r*«a^a»±ic, 
mtfese^H^$tts^FPCE*ati±mmwi- 

-<b-T*ctA<r-^. ctil-J; L J. FPCE^Wicfciti, 

[0 0 8 8] *f=. 7U^i/-vai;«t>«FPC<Dl8$8P«' 
IC. 7U^->-vE«at/FPCE«tl*«ft»l=lftltS*i 
fc^5-PAD5-iix.. Iilffi7 U^->-V»u:*iSFPC(Dm'& 

©»i=«rEys-PAD*tti»r*j:5i=r*itf. 7W 

•>^2lW«f *FPC©»*3*ft* J: tjjtsiz L> 7Wv 
vE«l&tfFPCE«UDtt8la>flMStt$l4±$-tt-«C^:At 

[HBB©tSm^lftBJ] 
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[02] m 2 13\ ii ic^-rieis-i*M-9-x^<>->3 > 
a>**FPc*ai y »i^fc«»o>»«ia-c &*>• 
[^3] 031*. o i iz7jk-f&m—&my-*'<>zs b > 

[05] B5(a)(t B4lCfcl*4A--A|»KiffiB"efc 
&o H 5(b) I*. B4IZj3l*5B-B|8WEB-e**o 

[06] 06l±. Hllc^-rEI9-tt:S^^>v3> 
(c fc It « +«FPCO>&® fl jEB H-C ft £ . 

[07] B7(a)!t H6lcfel+*c-c|WBBH-Cfc 
%o 07(b)l*. B6lzfcl**D-D«RBB"eft*» 

[@8] bsi*. z>[s5is*&mtrpc&&t<D&<e>m 

[09] 091*. B8IC*5ltSE-El»KBBT?*4o 

[Bi o] 01 o(a)i*. ?u*s>*fc+«Frcfca>H» 
cE«««»ia>**«»ft*'rB-c** 0 si o(b) 

I*. +«FPC*OU^*>^|z»LTxttiE*lRirz0.12m 
m. y»5E*rp|lz0.12ninr4xfctt88T*»^*ttfc»^lz 
7U^*>YRI»tt«»fcFPCE«t8«»fc<D* 

*«tt**-ria^fe*. 01 o(c) i*. +»fpc*^u^ 

v^l3^LTx«6m^fRllcai2mm. y ^ft^[SjlcO. 12mm 

&fiSS0 £ FPCEJMSB0 £ CD&^#88 * ^tit* ft £ . 
[01 1] 01 11*. »m»*^LT«l«**tfcffiaiC 

4. 

[01 2] 01 2tt^ai'i=*-rEii-{*Bii-^>i/ 

[01 3] 01 31*. tttt«#B«Bxfe««lc£lt 
4, FPCtt^tiaottKBB-Cft^. 

[01 4] 01 4 (a) J*. ^B^a>HJSC7>^®2lC^4 
f*S-^X^>i/3>0)l9«BTft4o' 01 4(b) 
f*. 01 4(a)|zfclt4F^0T*fc4o 

[01 5) 01 51*. «BB(DmKcD)»B3lzfil«£B 
-*B*^^>i^3 >©*BFPC»ttttttfflflD»«B-0 

fe4o 

[01 6] 01 6f*. 01 5IZ^E#-{*1?^*'<> 



[01 7] 01 71*. ««ma>ftK0)»B3l=flb«KM 

-*a«^>i/ 3 >o>»aBT?fc*. 

[01 8] 01 81*. EtSHH*S^X^^3><DHDD 

M^a>»«tt»*^"r»aBTf**. 

[01 9] Bi 91*. ffi*0)iefi-*I^'<>y3> 

(D^ap-cft^o 

[0 2 O] 0 2 01*. 01 9lC*-rEH»-f»B-9-X'<> 
[0 2 1 ] 0 2 1 (a) I*. 01 9 l^-rE&-i*S-*X 

$8B?T®0r*fe4o 0 2 1 (b)l*. 01 9|z^f SS^-<* 
^-tf-X'Ov 3 >!::£!*« 7 is* ^*E«(03S^PAD«5 
icfcl+SBWBB-efc*. 
[»#C0tttB^] 

1. 1' . 1" E»-*I»ft^^K^^>y 3 > 
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